FO !ate profiles and DNA synthesis were studied during the early germinating period in Vigna radiata. Total folate .:;;:c methyl folate forms were increased from 4 to 32 hours during germination period studied. Formyl folates, in-\'ohed in purine synthesis, were raised 30-fold after 26 hours of incubation followed by DNA synthesis, indicatmg that folate synthesis precedes nucleotide synthesis channelising the one-carbon moieties into nucleotide precursors. This is also supported by the observation of folate mediated one-carbon pool incorporation of 2-'4C-Histidine into nucleic acid during this period. The two folate enzymes , folylpolyglutamate hydrolase which was greatly lowered and folylpolyglutamate synthetase which was significantly elevated, might playa crucial role regulating a balanced supply of the required folate precursors during the early germination period of Vigna radiata.
Introduction
Folate is an important cofactor for a number of metabolic pathways in the cell that involve the transfer of one-carbon units such as fomlyl, methylene, and methyl groups (1) . Among the folate-dependent pathways are the biosynthesis of purines and thymidylate. It is in this manner folate plays a key role in DNA replication and cell division. Consequently, a deficiency of folate in tissues with rapidly replicating cells results in an ineffective DNA synthesis, leading to reduced cell proliferation, impaired cellular physiology and abnormal cytologic morphology.
The naturally occurring and dietary folates are mainly conjugated forms containing a mixture polyglutamylfolates with y-linked glutamate residues (2) . These polyglutamylfolates are more effective co factors in various enzymatic reactions. It is now unequivocally established that the polyglutamate chain is essentIal for intracellular retention offolates and that chang~s li1 its length playa key role in the regulation of one-carbon metabolism (3) .
A balanced synthesis and supply of folate co factors are essential to sustain DNA synthesis in rapidly developing embryo (4). Since folate cofactors are involved in various metabolic reactions which are critical in growth and differentiation, synthesis and regulation of these polyglutamylfolates during development is of vital importance (5) . We studied the alterations in folate metabolism in relation to its involvement in onecarbon mediated DNA synthesis in the, Vigna radiata during its early germination period. Since polyglutamylfolates are the cofactor forms, their synthesis and/or hydrolysis are also tightly governed during the active developmental stages. The enzyme folylpolyglutamate synthetase, which facilitates addition of glutamate moiety to folate synthesizing polyglutamyl folates and the enzyme folylpolyglutamate hydrolase, which nydrolyses the conjugated polyglutamylfolates to simpler folate forms with the required glutamate residues were also followed up during this period.
\Iaterials and Methods
Mung bean seeds, Vigna radiata, (5 g) were incubated at 3]oC in 10 ml water and two beans were removed at various time intervals from 0 to 32 hours and made a homogenate in 1.0 rnl phosphate buffer pH 6.0 containing 1 % ascorbate, with hand held mortar and pestle. The homogenate was centrifuged and the supernatant collected for folate and enzyme assays.
Enzyme assays
Folylpolyglutamate hydrolase, trivially also known as folyl conjugase, was assayed as the amount of simple folate released from conjugated polyglutamylfolate forms as described earlier (6) . Folylpolyglutamate synthetase was assayed as the amount of 14C-glutamate incorporated into folate as described elsewhere (7).
Folate assay
Folate activity was determined microbiologically using Lactobacillus casei ATCC 7469 and PedioHistidine coccus cerevisiae ATCC 8081 with 5-formyltetrahydrofolate (Sigma Chemical Co., Missouri, USA), as standard (after correction for the inactive isomer), as described earlier (8) . Total folates were assayed after prior hydrolysis of samples with chicken liver folylpolyglutamate hydrolase (9). Since L. casei responds to a wide range of folates including methyl and formyl tetrahydrofolates and P cerevisiae responds to only formyl and reduced tetrahydrofolates, the differential microbiological assays with these two organisms were used to derive methyl and formyl tetrahydrofolates (9).
2-14C-Histidine incorporation studies
In other studies, incorporation of the ring 2_ 14 C of histidine into nucleic acids through one-carbon mediated folate pool ( . formiminoglutamate:tetrahydrofolate 5-formiminotransferase, EC 2.1.2.5; 4). Forrniminotetrahydrofolate cyclodeaminase EC 4 .3.14; 5). 5,10-methenyltetrahydrofolate cyclohydrolase, EC 3.5.4.9; 6). 10-formyltetrahydrofolate hydrolase, EC 3.5.1.10; 7). aminoimidazole carboxamide ribotide (AICAR) transformylase, EC 2.1.2.3; 8). glycineamide ribotide (GAR) transformylase, EC 2.1.2 .2; 9). 5,1 O-methylenetetrahydrofolate dehydrogenase, EC 1.5. 1.5; 10). 5,1O-methylenetetrahydrofolate:dUMP C-methyltransferase (thymidylate synthetase), EC 2. 1.1.45; 11). 5,1 O-methylenetetrahydrofolate reductase, EC 1.5 .1.20; 12). N 5 -methytetrahydrofolate:homocysteine methyltransferase (methionine synthetase), EC 2.1.1 .13; 13); dihydrofolate reductase, EC 1.5.1.3.
Vigna radiata was determined. L-[ring-2-14C] Histidine with specific activity of 54 mCilmmol obtained from CEA (Cen Saclay, Molecules Marquees, 91191 Gifsur-Yvette, France) was incubated (1.08 /lCi, 2 /lmol) with 5 g of Vigna radiata seeds in 10.0 ml water at 37 c C. Two grains were removed at various time intervals from 0 to 32 h and homogenized in 1.0 ml phosphate buffer pH 6.0 containing I % ascorbate in cold as before.
Five hundred microlitres of the homogenate was lysed in DNA extraction buffer and treated with proteinase K (100 mg/ml) for 45 min at 50°C, after which the nucleic acids were phenol extracted (10) . To the pooled aqueous layer 0.2 volume of 10 moUL ammonium acetate and 2 volume of ethanol were added. The precipitated DNA was dissolved in a small volume of TE buffer (10 nmollL Tris, 1 mmoUL EDTA, pH 8.0) ( 10) and counted. DNA was estimated by the bisbenzimide dye (Hoechst 33258) method (II).
Results and discussion Table 1 shows the amount of various folate derivatives synthesized and the one-carbon mediated inc orporation of 2-I4C-histidine into DNA (Fig. 1) during the early germination period from 0 to 32 hours of Vigna radiata. Formyltetrahydrofolates which are involved in de novo biosynthesis of purine nucleotides are very low, about 20-45 ng/wet wt. constituting about 11-15% of the peak va lues, during the early period of o to .:;.:; :l'J'Y ' of gc>mlination . This value went up almost 30 fold, reaching a peak of 367 ± 20 ng/g wet wt. after 26 hours of incubation. Total folate levels went up immediately after 4 hours during development and this value was further raised during 22 to 32 hours of incubation period studied. 2-14 C-Histidine incorporation into DNA through one-carbon mediated folate pool showed (Table 1 ) a peak incorporation of radioactivity after 28 hours of incubation (3. 170 ± 0 . 132 nmoU/lg). This higher one-carbon mediated incorporation of radioactivity was seen immediately following the peak synthesis at 26 hours of formyltetrahydrofolates (Table 1) . This indicates folate synthesis precedes nucleotide synthesis, thereby channelising the one-carbon groups into nucleotide precursors. It also appears that maternal reserves of folates are sufficient enough to sustain DNA precursor synthesis till 28 hours of development. Though increased folates are formed during the germination period, methyl folates predominate during other periods which would be involved in various methylation reactions during the developmental process (12,13). Noronha et al have shown a nucleotide reducing hydrolase which regulate the required folate profiles during the developmental period in Vigna radiata showed ( Table 2 ) that these enzymes were tightly controlled. Folylpolyglutamate hydrolase levels were significantly lowered (6-7 times) from 0.159 ± 0.007 to enzyme activity, ribonucleotide reductase, was induced after one hour of fertilization and the preexisting maternal mRNA was used for the synthesis of the enzyme activity in sea urchins (14) . The induction of ribonucleotide reductase was shown to be a key event which would gear the fertilized egg towards DNA synthesis rather than towards its earlier metabolic preference for RNA synthesis during oogenesis and maturation (14) . A similar observation was also made by Viswanathan and Noronha (15) who detected ribonucleotide reductase activity only around 20 hours of embryonic development in Dysdercus koenigii after depletion of the low levels of deoxyribonucleotides present initially.
Since polyglutamyl forms of folates are better and more effective cofactors than their corresponding monoglutarnyl forms, the hIghly regulated control in their synthesis and hydrolysi s ou ght playa crucial role in modulating the availability 0 :" the required folate forms during the developmental pro.: ess. A determination of the enzymes folylpolyglu t3r.1ate synthetase and 0.025 ± 0.002 nmol folate activity/mg protein/min, while the synthetase activity steadily rose almost 15 fold from 0.128 ± 0.033 to 1.933 ± 0.167 nmollmg protein/min during this period. This indicates that there exists tight control mechanisms regulating the two enzymes of folate hydrolase and synthetase thereby regulating the supply of the required folylpolyglutamate coenzymes involved in the nucleotide synthesis . Folylpolyglutamate hydrolase has been shown to have a role in regulating folate coenzyme functions in intestinal mucosal metabolism (6) and in cycles of uterine cell growth and involution which are mediated through hormonally induced changes in enzymes controlling the length of y-glutamylfolate chains (16) . Because certain polyglutamate derivatives of folate are potent inhibitors of thymidylate synthetase (17) , the conversion of metabolic inhibitors into active coenzymes and vice versa, through the action of folylpolyglutamate hydrolase and folylpolyglutamate synthetase, might be a regulating factor in developmental metabolism. An imbalance in these two folate enzymes might as well result in a functional folate deficiency adversely affect-ing all folate dependent reactions as is reported in experimental diabetes (7) and hypothyroidism (18) .
